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APPLICATION FOR UNITED STATES PATENT 



15 To all whom it may concern: 

Be it known that we, Kenneth J. Barker and Charles R. Hofftnan, citizens of the United 
States of America residing in the state of North Carolina, have invented new and useful 
improvements in a 

Method and System for Fast Ethernet Serial Port Multiplexing to Reduce I/O Pin Count 

20 of which the following is a SPECIFICATION: 
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METHOD AND SYSTEM FOR FAST ETHERNET SERIAL 
PORT MULTIPLEXING TO REDUCE I/O PIN COUNT 

Cross Reference to Related Patents 

The present patent application relates to and claims priority of Provisional Patent 
5 Application 60/196,832 entitled "Fast Ethernet Serial Port Multiplexing to Reduce I/O Pin 
Count" filed April 13, 2000 by Kenneth J. Barker and Charles R. Hoffman, the inventors of the 
present patent application. 

The present invention is related to the following patents which are specifically 
incorporated by reference herein: 
0 10 Patent application Serial No. 09/123,547 filed July 28, 1998 by S. S. Allison et al. and 

*J entitled "Architecture for a Multiple Port Adapter having a Single Media Access Control (MAC) 
m with a Single I/O Port". This patent is sometimes referred to herein as the Single Port Patent. 
P Patent application Serial No. 09/123,899 filed July 28, 1998 by S. S. Allison et al. And 

CI entitled "Architecture for a Multi-Port Adapter with a Single Media Access Control (MAC)". 
f 1 ; 1 5 This patent is sometimes referred to herein as the TDM MAC Patent. 



RAL9-00-0013US2 



Page 2 of 15 



Background of the Invention 

Field of the Invention 

The present invention relates to connecting a plurality of data sources to a single chip. 
More particularly, the present invention relates to an improved system and method for fast 
5 Ethernet serial port multiplexing to reduce the number of input/output pins required on each chip 
for a given number of sources. 

Background Art 

As semiconductor chips become more powerful, they have become capable of processing 
more information and handle more inputs and outputs through connections such as Ethernet 

10 ports. Unfortunately, at the same time the semiconductors have become more powerful and 
capable of processing larger loads, these same semiconductors are becoming smaller in physical 
size, leading to smaller surface areas in which to attach pins (or leads) for the greater number of 
ports or sources. This leads to a paradox: smaller and more powerful processors are capable of 
supporting more ports from a processing stand point but as the size shrinks, there is less area in 

1 5 which to attach the leads and therefore the smaller package would suggest that fewer, rather than 
more, ports be attached. 

Each physical layer connection requires at least one input port and one output port. One 
approach in the prior art is to have each input or physical layer connection as a separate set of 
pins on the chip. When a small number of physical layer connections is involved for a given 

20 chip, this is a manageable number of input and output pins for connection to the chip. 
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However, as the number of physical layer connections increases in a system where each 
connection requires its own set of input/output pins, the chip must grow larger to have enough 
space to accommodate the increased number of pins. However, as has been stated previously, the 
trend in chip design is toward smaller chips, meaning less room for attachment of the pins, and, 
5 therefore, a chip which can accommodate fewer connections with input/output pins. 

Other disadvantages and limitations of the prior art systems will be apparent to those 
skilled in the art in view of the following description of the present invention. 

Summary of the Invention 

The present invention overcomes the disadvantages and limitations of the prior art 
1 0 system by providing an efficient, yet simple and inexpensive way of accommodating the inputs 
from a plurality of ports which are feeding a single chip. 

This system allows for an increased number of physical layer connections to be attached 
to a single chip without requiring a commensurate increase in the number of input/output pins. 
This means that the physical size of the chip no longer must become larger to accommodate an 
1 5 increased number of physical layer connections or sources being serviced by a single chip or a 
single processing system. 

The system of the present invention also has the advantageous effect that it does not 
require a large number of interconnections. In fact, in its preferred embodiment, a set of four 
inputs can be used to service a potentially-unlimited number of sources. 
20 The present invention is advantageous in that, by requiring only a limited number of 

input/output pins, it allows for the chip to shrink in size as the technology for increasing the 
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density of circuit elements increases the number of components which can be mounted on a 

single chip and the number of sources which can be served by a single chip.. 

The present invention has the advantage that it is simple and easy to implement, with a 

minimum of additional hardware and/or software elements. By having a relatively simple 
5 design, the cost to design and implement the unit of the present invention is not great. Further, 

the present invention allows implementing the design in hardware, so the impact on the speed of 

processing is negligible. 

The present invention is a system in which an increased number of inputs and outputs are 

accommodated through the multiplexing of inputs and outputs through a reduced number of 
Gl 10 input and output pins, ideally where a single input and a single output are used. At least one 
ff. indicator or strobe signal is employed in one embodiment of the present invention to indicate 
HJ when a predetermined source is engaged and the various sources are engaged in sequential order. 
M* Other objects and advantages of the present invention will be apparent to those skilled in 

Q the relevant art in view of the following description of the preferred embodiment, taken together 
1\15 with the accompanying drawings and the appended claims. 
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Brief Description of the Drawings 

Having thus described some of the limitations of the prior art systems and some objects 
and advantages of the present invention, other objects and advantages will be apparent to those 
skilled in the art in view of the following figures illustrating the present invention in which: 

Fig. 1 illustrates a conventional fast Ethernet processing system of the prior art; 

Fig. 2 illustrates the structure of the improved system of the present invention with a 
reduced pin count; and 

Fig. 3 depicts a table illustrating a timing diagram for use in the chip illustrated in Fig. 2. 



Detailed Description of the Preferred Embodiment 

In the following description of the preferred embodiment, the best implementation of 
practicing the invention presently known to the inventors will be described with some 
particularity. However, this description is intended as a broad, general teaching of the concepts 
of the present invention in a specific embodiment but is not intended to be limiting the present 
invention to that as shown in this embodiment, especially since those skilled in the relevant art 
will recognize many variations and changes to the specific structure and operation shown and 
described with respect to these figures. 

Fig. 1 illustrates a current design of a fast Ethernet system 2 which services 10 Ethernet 

networks 6 (individually designated as NetworkO through Network9) using 22 pins (2 for each 

network or physical layer connection plus a strobe and a clock) connected to a multi-port 
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physical layer 4 comprising elastic buffers. In this system, the clock of the chip 2 operates at a 
particular speed (indicated as 125 megahertz, a representative speed) and includes a pair of pins 
for each of the ports, allowing each of the ports to be serviced during each of the clock cycles. 

The Ethernet system 2 includes a serial media independent interface (or SMI) portion 2a 
5 which is coupled to a multi-port time division multiplexed MAC 2b and to statistics counters 2c 
such as are described in a copending patent application of Kenneth J. Barker entitled "Method 
and System for Recording Statistic about a Data Transmission Network", Serial Number 
09/548,909 filed April 13, 2000, a patent application which is specifically incorporated herein by 
reference. Interface logic 2d coupled the chip via outputs 2e to switch functions, 
if 10 The multi-port time division multiplexed MAC 2b of this system may be of any 

?Vl conventional design, one of which is described and shown in the Single Port Patent and the TDM 
Ill MAC Patent referenced above. Details of the construction of this system and its operation are 
N* shown in an illustrative embodiment in these patents. 

y The present invention is described in connection with a communications technique 

0 1 5 known as Serial Media Independent Interface (SMH) system for serial Ethernet communication. 
5 A type of SMII system is used in the IBM network processor known as the Rainer chip which 
has been announced and is marketed widely at this time. 

Fig. 2 illustrates the system (which, in its preferred embodiment is a single chip) of the 
present invention in which a processor 10 includes four ports mounted thereon. The four ports 
20 comprise an input port 12, an output port 14, a clock 16 and a strobe 1 8. The purpose of the 
signal on the strobe 18 is to identify a source or input as a base and to consider each other source 
in turn. That is, in some circumstances, 8 sources (or 10 sources in a system parallel to that of 
Fig. 1 ) may be multiplexed and identified as networkO through network7. The strobe signal may 
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be used to identify any of these sources as the base, but traditionally it would be the first source 
or networkO which is identified by the strobe signal and serviced during clock pulse 0 in Fig. 3. 
Then, the next source, or networkl, would be serviced one clock signal later (clock pulse 1 in 
Fig. 3), then the third source or network2 would be serviced on the next clock pulse until the last 

5 source (network7) is serviced during clock pulse n in Fig. 3, where n is the number of sources. 
Then, at the next clock pulse, it is time to service the first source (networkO) again and another 
strobe pulse indicates that this is the base or first source. 

The clock in this system is shown as operating at 1 gigahertz, or eight times faster than 
the 125 megahertz of the example of Fig. 1, allowing each of the eight multiplexed networks to 

10 be served at the effective rate of 125 megahertz. 

Each of the communicating elements of Fig. 2 includes a time division multiplex or 
TDM module of conventional design. The TDM for the processor integrates with and interfaces 
to a conventional SMII interface to allow for conventional SMII processing of Ethernet 
communications. The elastic buffers 4 are coupled to a TDM multiplexor 4a to provide a similar 

1 5 interface for coupling to the system 10. 

Elastic buffers 4 are well known in the trade and are sold by various vendors. Some of 
these elastic buffers are produced with a Serial Media Independent Interface (SMII) of the type 
which is suited for the present invention, although the present invention is not limited to this 
type of interface for serial data. One such vendor who offers a suitable elastic buffer is 

20 Broadcom. 

A design of the time division multiplexor used in the present invention would typically 
include a sequencer to service the physical layer connections or sources in order and then return 
to service the first source the clock pulse after the nth or final source has been serviced . This 
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sequencer could employ a counter which keeps track of the physical layer connection or network 
which is being serviced at any given time, although this may not be required and may be 
implemented in hardware or software as desired. This counter would be coupled to the clock 16 
and the strobe 18 and could be incremented on each clock pulse and could be reset by each 
5 strobe 1 8 to provide a simple and efficient method of keeping track of which physical layer 
connection is being serviced at any given time, although other schemes for sequentially servicing 
the networks could be used to advantage in the present invention. 

Fig. 3 is a table which illustrates an illustrative timing for a system using the present 
invention. The first line indicates the system at an initial clock 0 at which time the first strobe 
10 signal indicates that a first source networkO is served. The next clock pulse is the next clock 1 at 
which time a second source networkl is served. This continues until networkN (the last network, 
or network7 in the example of Fig. 2) is served at clock n, then at clock n+1, the strobe occurs 
again and networkO is served. 

Of course, many modifications of the present invention will be apparent to those skilled 
15 in the relevant art in view of the foregoing description of the preferred embodiment, taken 
together with the accompanying drawings. For example, the system for multiplexing could be 
changed without departing from the spirit of the present invention, and the number of networks 
which are multiplexed may be adjusted to fit the needs of the design. Further, a different system 
for indicating the sequence of the inputs/outputs could be used and in some of these alternatives 
20 where the source is identified, the sources need not be served in order. Additionally, the present 
invention, although it has been described in the context of fast Ethernet communication, is 
equally applicable to other forms of communication. Many other modifications and adaptations 
to the present system could be employed to advantage without departing from the spirit of the 
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present invention, and some of the advantages of the present invention could be achieved 
without the corresponding use of other related features. For example, it is not required that both 
the inputs and outputs be multiplexed in the arrangement shown and only one might be 
multiplexed in a given situation. Accordingly, the foregoing description of the preferred 
embodiment should be considered as merely illustrative of the principles of the present invention 
and not in limitation thereof. 
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